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Modeling And Simulation Of Automated Teller Machine (ATM)

Summary

The introduction of the Automated Teller Machinel'§4) in banking has brought
about enormous benefits to both customers and bdskaanagement involves several
processes and data that need to be described ateladon an engineering approach. We
provide a brief description of the ATM and its &ittes as a starting point. By using the
Unified Modeling Language (UML), we then desigrea af engineering models for the ATM
system.

Using Petri Nets, we also design another set ofatscahd simulations for some
selected activities of the Automated Teller Machised by banks to serve its customers.
Activities modeled include Cash Withdrawal, Fundansfer, Balance Enquiry and Mobile
Top-Up (Credit).

Petri Nets provides a graphical and mathematicdtith a uniform environment for
modeling, formal analysis and design of discretengdriven systems. Its simulation
functionality distinguishes it from other modelitegnguages like the Unified Modeling

Language.

With the aid of HPSim software, we modeled and $ated all the Petri Net models
considered. Finally, the Producer-Consumer proltediscussed and optimization

possibilities through efficient resource allocataomd management are formulated.
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Modelovani a simulace bankomat

Souhrn

Zavedeni bankomat{ATM) v bankovnim sektoruines| obrovské vyhody pro
zakazniky a bankami. Provozovani bankanmedstavujgadu proces a dat, které je'eba
mit popsano a namodelovano s pouZzitim inZenyrsgiistupi. Prace z&na strénym
popisem ATM a jeh@innosti, poté je vytvien soubor modeélv notaci Unified Modeling

Language (UML).

Tato prace dale vyuziva aparatu Petriho siti promgouboru modéla simulaci pro
nekteré vybrané€innosti EZnych bankomat Modelovany byly vybr hotovosti, pevodu

finanénich prostedk, zjisteni zistatku na @tu a sluzeb mobilnich operatofdobijenti).

Aparét Petriho sitifedstavuje graficky a matematicky nastroj pro mowdahi,
formalni analyzu, navrh a simulace diskrétnich&ystiizenych udalostmi. Tyto moznosti jej

odliSuji od ostatnich modelovaci notaci, jako jefied Modeling Language.

S pomoci softwaru HPSim byla provedena simulacehvgavrzenych Petriho siti. V
zawru prace je téz diskutovan problém producent-koremtra souvislosti s problematikou
dostupnych progedki v bankomatu a je diskutovana optimalizace pealstictvim efektivni

alokace zdraj atizeni.

Kli ¢ova slova

UML, ATM, Petriho si¢, modelovani, simulace, optimalizace,HPSim
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1. Introduction

A critical look at the introduction of the Automdt@&eller Machine (ATM) as part of
the electronic revolution that has engulfed modemking operations since 1967 has brought
about enormous benefits to both customers and baok$e banks, they have been relieved
of constraints such as time and geographical logati

Aside providing customers with cash, they can atsoy out certain banking
operations such as deposits and mobile phone tophgpoperational activities of an

automated teller machine (ATM) can be modeled uiegunified modeling language (UML).

For the purposes of this thesis, modeling the ATtivdies/operations using UML
methodologies such as class diagrams, use casegudnce diagrams will serve as a prelude
to the major discussion on modeling ATM operatiaasg Petri Nets. The crust of this thesis
will focus on modeling and simulating the ATM adties using Petri Nets (PN).

Petri Nets was developed originally by Carl AdaetrFin 1962 as a graphical and
mathematical modeling tool applicable to many systet is a promising tool for describing
and studying information processing systems thetharacterized as being concurrent,
synchronous, distributed, parallel, nondetermiajsthd/or stochastic.

As a graphical tool, Petri Nets can be used asuwaldicommunication aid similar to
flow charts, block diagrams and networks. The giaghtepresentation of Petri Net models

consist of a network formed by places, transitiand arcs.



Mathematically, it is possible to set up stateagmguns, algebraic equations and other
mathematical models governing the behavior of systén addition, tokens are used in these
nets to simulate the dynamic and concurrent as/inf systems. The mode of operation of
the ATM that is modeled by the Petri Net is simethtising HPSim software (Petri Net

software).

1.1 Objectives

The major goals of this thesis include:

» Designing a set of models and simulations for théo/ated Teller
Machine and its servicing processes.
* Formulating conclusions about optimization posgibg through efficient

resource allocation and management.

1.2 Methodology

The project is basically divided into two (2) pan&mely i) literature review and ii)
formulation of results. Invited tutorial-review pa and proceedings on Petri Nets from
scientific conferences, internet resources andrditlegature sources would constitute my

main source of information (literature review).

Most of the discussion under the initial part il centered the history of the ATM, a
description of how it operates, the benefits tolthrking industry as well any likely
disadvantages if any. The next step of the prajdtfocus on the formulation of results

which will consist of the following steps:



Data collection: Contacting various banks with tiew to gather information
about the various activities of their respective\iA3.

Data analysis: Analyse the data collected by namgwwown on the major uses
of the ATM in the banking sector.

Synthesis of data (model design): Develop an ap@tgpmodel(s) for the
ATM with special emphasis on its business processes

Verification of the model: This ensures that thedei¢s) is developed in
conformity with the model specification and is implented correctly without
errors.

Design simulation for the models: Use Petri Netwafe (HPSim) to simulate
the models that have been developed for all the ATisiness processes.
Formulate conclusions: Make useful conclusionshewtork performed so far

and offer suggestions which can act as the basfsifiner research.
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2.  The Automated Teller Machine (ATM)

2.1 History

The history of ATM can be traced back to the 196dsn the first ATM machine
was invented by Scot John Shepherd-Barron andls8arclays Bank in 1967. However,
while Shepherd-Barron has the major claim to faimexe have been many other individuals

who have also invented some version of the ATM.

The machine itself has evolved over the years, thighearlier versions restricted to
only one or few banking functions. There has beanhmebate, however, on who invented
the first early versions of Automated Teller MaahiBut the history of ATM can be visibly
traced back to the year of 1967.

In 1939, a rudimentary cash dispenser was invdngddither George Simijian and
established by the City Bank of New York. Howewbe machine did not work much and had
to be removed within six months of putting up thactine. The early versions of the ATM

were restricted to cash withdrawal only.

In the 1967 model, patented by Shepherd-Barrompltstic cards did not exist and
instead, vouchers with a strip of radioactive saibs¢ were used for withdrawing cash.
Consequently, the vouchers were matched with acpéat personal pin code used by the

bank to identify the customer.

The ATM was inaugurated by renowned British adReg Varney. The personal
identification number was initially a six numbeneassword, and was later changed to a four
numbered password. However, this automated tellehme was very different from the

11



modern day teller machines, which is based on ectrehic system between the different
branches of the bank. Thus, the history of ATM $@sn many changes over the span of 25

years since 1939.

Pictures of old and new ATM

Mo -mafEmia

Figure 2.1 Old ATM
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Figure 2.2 Modern ATM

2.2 Parts of the Automated Teller Machine

Screen Recelipt Card
Buttons Printer Reader Speaker

©2001 HowStuffWorks

Display Cash Deposit HKeypad
Screen Dispenser Slot

Fig 2.3 Parts of ATM
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An ATM has two input devices namely:

« Card reader - The card reader captures the account informatiored on the
magnetic stripe on the back of an ATM/debit or dredrd. The host processor uses
this information to route the transaction to thedbalder's bank.

« Keypad - Thekeypad lets the cardholder tell the bank what kind ohs@ction is
required (cash withdrawal, balance inquiry, etod #r what amount. Also, the bank
requires the cardholder's personal identificatiomber PIN) for verification. Federal

law requires that the PIN block be sent to the postessor in encrypted form.

Its output devices include:

« Speaker- The speaker provides the cardholder with augiteedback when a key is
pressed.

« Display screen- The display screen prompts the cardholder tHraagh step of the
transaction process. Leased-line machines comnusaya monochrome or color CRT
(cathode ray tube) display. Dial-up machines comgnose a monochrome or color
LCD.

« Receipt printer - The receipt printer provides the cardholder withaper receipt of
the transaction.

- Cash dispenser The heart of an ATM is the safe and cash-dispgnaechanism.

The entire bottom portion of most small ATMs isadesthat contains the cash.

14



ATM uses include:

Withdrawing cash

Depositing cash

Depositing cheques

Checking account balance (balance Enquiry)
Account mini statement

Mobile recharge/top up etc...

15



3. Petri Nets

3.1 Introduction

Petri Nets was originally developed by Carl AdanriHBet62], and was the subject
of his dissertation in 1962 presented at the fgaflMathematics and Physics at the
Technical University of Darmstadt. He prepareddissertation when he worked as a scientist

at the University of Bonn.

Petri Nets are a graphical and mathematical moglétial applicable to a variety of
systems and in many areas. They are a promisirdaiodescribing and studying information
processing systems that are characterized as benayirrent, asynchronous, distributed,

parallel, nondeterministic, and/or stochastic.

As a graphical tool, Petri Nets can be used aswalicommunication aid similar to
flow charts, block diagrams and Networks. Additibyaokens are used in these Nets to
simulate the dynamic and concurrent activitiesystems. Mathematically, Petri Nets can be
used as a tool to set up state equations, algebgagtions and other mathematical models to

govern the behavior of systems.

3.2 Classification Of Petri Nets

16



For the past 40 years, Petri Nets have seen soljoe developments. There are

several types of Petri Nets with each having soroeerfeatures than the earlier ones. These
Petri Nets are often divided into two groups ehm

+ Classical Petri Nets

* High Level Petri Nets

High Level Petri Nets

Classical Petri Net does not allow for the modebifigata and time. To solve these
problems, many extensions to Petri Nets have beeelabed. Three (3) well-known
extensions of the basic Petri Net model are the:

* extension with color to model data
* extension with time, and

» extension with hierarchy

Extension with Color (Colored Petri Nets)

Tokens often represent objects (e.g. resougoex]s, humans) in the modeled
system. Hence, we often want to represent attsboitéhese objects. If an insurance claim is
modeled by a token in the Petri Net, we may wamepwesent attributes such as the name of

the claimant, identification number, date, and amto8ince these attributes are not easily
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represented by a token in a classical Petri Negxtend the Petri Net model with colored or

typed tokens. In a colored Petri Net each tokershaasue often referred to as “color'.

Transitions determine the values of the produckdrts on the basis of the values of
the consumed tokens, i.e. a transition descrikesaation between the values of the input
tokens' and the values of the "output tokenss. élso possible to specify “preconditions’

which take the colors of tokens to be consumedartmunt.

Extension with Time (Timed Petri Nets)

For real systems it is often important to desctiteetemporal behavior of the system,
i.e., we need to model duration and delays. Sineelkassical Petri Net is not capable of
handling quantitative time, a timing concept is edidThere are many ways to introduce time

into the Petri Net. Time can be associated witlemsk places, and/or transitions.

In applying Petri Nets formally to the quantitataealysis of the performance and
reliability of system with respect to time, a clagsetri Nets called Time Petri Nets is used.
The time variables associated to the Petri Netdeagither deterministic variables

(deterministic Petri Nets), or random variable®o¢Bastic Petri Nets).

Extension with Hierarchy
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Although timed colored Petri Nets allow for a suotidescription of many business
processes, precise specifications for real systewms a tendency to become large and

complex. This is the reason we provide a hieraodnstruct, called sub Net.

A sub Net is an aggregate of a number of placassitions, and subsystems. Such a
construct can be used to structure large proce8sese level we want to give a simple
description of the process (without having to cdesgll the details). At another level we
want to specify a more detailed behavior. The esttenwith hierarchy allows for such an

approach.

3.3 Petri Net Concepts

A Petri Net is a particular kind of directed grapdgether with an initial state called
initial Marking Mo.In simple terms it's a collection of directed accsnecting places to
transitions. The grapN of a Petri Net is directed, weighted and a bipadraph consisting of

two (2) kinds of nodes namepfacesandtransitions

By rule arcs connect places to transitions and wvé&esa. Graphically, places and
transitions are denoted by circles and boxes @& fempectively. Arcs are labeled with their
weights (positive integers) and have a capacitynaf (1) by default. Places have infinite

capacity by default and transitions have no capacitl cannot store tokens

Formal Definition of a Petri Net
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A Petri Net is a 5Fuple, PN = (P, T, F, W, o) where

* Pis afinite set of Plac

» Tis afinite set of Transitiol

* The places P and Transitions T are disjoirN T = Q)

 FC (PxT)U(TxP)is aset of arcs(flow relati

« W:F—{1, 2, 3...}is a weight functio

e My P—{0,1,23...... } is the initial marking representiigtial distribution of

tokens.

A Petri NetstructureN = (P, T, F, W) without any specific initial mang is denoted

by N whereas a PetNel with a given initial marking is represented N, M,).

If <p, t>€ Ffor a transitiort and a place, thenpis an input place ct. If <t, p> € Ffor a

transitiont and a place, thenp is an output place af Additional notations used for [-set

and postset are as follow

ot ={ p|(p, t) € F } = the set of input places t

te={ p|(t, p € F} = the set of output placest

*p ={ pI(t, p) € F } = the set of input transitions pf

pe = { pl(p, t) € F } = the set of output transitions pf

Transition Enabling and Firing

A state or marking in a PeNetis changed according to the following transitianrf) rule:

20



» Atransition t is said to be enabled if each inplate p of t is marked with at least
w(p, t) tokens, where w(p, t) is the weight of Hre from p to t.

* An enabled transition may or may not fire (depegdin whether or not the event
actually takes place).

» Afiring of an enabled transition t removes w(ptbkens from each input place p of t,
and adds w(p, t) tokens to each output place pwiiere w(t, p) is the weight of the
arc fromtto p.

When a transitiomis fired, the tokens in the input places are maeeoutput places,

according to their arc weights and place capadsliti

Input Places Transition Output Place
Preconditions Event Post Conditions
Input Data Computation Step Output Data

Input Signals Signal processor Output Signals
Resources Needed Task/Job Resources released
Conditions Logic Clause Conclusions
Buffers Processor Buffer

Table 3.1 Some interpretations of transitions dadgs
Consider the Petri Net drawn below.

P1 P2

Tl

P3 P4 P5

O O O

Figure 3.1

The Petri Net PN = (P, T, F, W,d\for Figure 3.1 is defined as follows:
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P ={P1, P2, P3, P4, P

T={T1}

F ={<P1,T1><P2,T1><T1,P3><T1,P4> <T1,Pt

W = {<P1, T1 >2, <P2, T1:—1, <T1, P3 > 1, <T1,P4>:2,<T1,P5 :—3}

Mo= {P1—2, P2— 1}

The Petri Nebr Place/TransitiolNet (PN) when enabled and fired will produce the FNet
marking in

P1 P2

T1

P3 P4 P5

O o &

Figure 3.2

By rule a transition is enabled when the numbépkéns in each of its input place

at least equal to the arc weight going from the@l@ the transition. It must be noted
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enabled transition can fire at anytime. When thadition fires, it takes the tokens from their

input places and distributes the tokens to outfadgs according to their arc weights.

Using the rule of transition enabling, it is sonrets assumed that each place in the
Petri Net can accommodate an infinite number oénsk A Petri Nets of this nature is called
anlInfinite Capacity Petri NetWhen modeling many physical systems, we considarpper
limit to the number of tokens that each place ocald.hThis kind of Net is called Rinite
Capacity Net

Each place of a finite capacity Net has an associated cap#&c(p) that indicates the
maximum number of tokens thatan hold. Similarly for a transitiarto be enabled in a
Finite Capacity Nethere is an additional condition that the numldéokens in each output
placep of t cannot exceed its capacKy(p) after it’s fired. This rule with a capacity
constraint is called th$trict Transition RuleA special type ofnhibitor arc is used to reverse

the logic of an input place.

Theinhibitor arc connects a place to a transition and is repregddnt@ dashed line
terminating with a small circle instead of an arh@ad at the transition. The class of Petri

Nets with inhibitor arcs is referred to Bgtended Petri Nets

3.4 Petri Net Structures

Let us consider Figure 3.3.
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P1 ™

s

©—

Sequence

P4 ™
T3 T4 T5

Conflict (Choice)

P12 P13
Ti1 T12 T13

Confusion

Figure 3.3

Sequence

* Transition T2 can only fire only after the firing 1.

Conflict

O

PS5

T6

@ =@ =@
I__L Tgl__L Tgl__L
Concurrency

T14 Tns Ti6
T17 I__L

Merging

P8 @ P9 P10

o O

Synchronisation

w ®

T18 T19
[—

Priority/Inhibit

* Token P4 can enable either transition T3, T4 oARg.transition that fires first

automatically disables the remaining two.

Concurrency
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» Tokens P5, P6, P7 can enable transitions T7, T8@mmbncurrently.
Synchronization

* When processes leading into P8, P9 and P10 ashédj they are synchronized by
starting P11.

Confusion

* Is the combination of conflict and concurrency.Rbables both T11 and T12.
However if T11 fires, T12 become disabled.
Merging

» Basically merges the three parallel processes.
Priority/Inhibit

» Uses the inhibit arc to control T19.As long as R&6 a token P19 cannot fire.

3.5 Behavioral Properties

Reachability

The firing of an enabled transition will change tbken distribution in a Net
according to the transition rule. A marking, M said to be reachable from a markingiM

there exist a sequence of firings

o =Mty M1 t; M3 t,... ty M, that transforms Mto M,. In this case, Mis reachable from
Mo. The set of all possible markings reachable frogririva Net (N, M) is denoted by
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R(N,Mg) or R(Mp) whereas L(N, M) denotes the set of all possible firing sequeifices Mo.

The reachability problem is decidable.

Boundedness

A Petri Net (N, M) is said to be k-bounded or simply bounded ifibenber of tokens

in each place does not exceed a finite number &rigrmarking reachable from¢M.e. M (p)

< k for every place p and every markingd¥R (Mo).A Petri Net (N, M) is said to be safe
bounded if it is 1-bounded.

By verifying that a Net is safe or bounded, it imtanteed that there will be no
overflows in the buffers or registers, no matteawfiring sequence is taken. Places in Petri

Nets are often used to represent buffers and ezgissed to store intermediate data.

Liveness

A Petri Net (N, M) is said to be live if no matter what marking haen reached from
Mo, it is possible to ultimately fire any transitiohthe Net by progressing through some
further firing sequence. This means that a liveiP&tt guarantees deadlock-free operation.

There are different levels of liveness.

A transitiont in a Petri Net (N, M) is said to be

26



» Dead (liveO-live) ift can never be fired in any firing sequence in LM

» L1-live(potentially firable) ift can be fired at least once in some firing sequence
in L(Mg)

» Live2-live if, given any positive integés t can be fired at least k times in some
firing sequence in L(N).

» L3-live if t appears infinitely, often in some firing sequemcé(My).

* L4-live or live iftis L1-live for every marking in R(}).

Coverability

A marking M in a Petri Net (N, B is said to be coverable if there exists a marlihg
in R(Mg) such that M’(p} M(p) for each p in the Net. Coverability is clogetlated L1-
liveness (potential firable). Let M be the minimumarking needed to enable a transition
Thent is dead (LO-live) if and only if M is not coverablHowevert is L1-live if and only of

M is coverable.

3.6 Analysis Methods

Methods of analysis for Petri Nets may be classifi¢o the three groups namely:

» the coverability (reachability) tree method
* the matrix-equation approach

» reduction or decomposition approach

27



The first method deals with enumeration of all redite markings or their coverable
markings. It should be able to apply to all classfasets, but is restricted to “small” nets due

to the complexity of the state-space explosion.

On the other hand, matrix equations and reducgohrtiques are powerful but in many
cases are they are applicable only to special asbet of Petri nets or special situations.
For the purposes of this diploma thesis | woulé li& briefly describe only the coverability or

reachability tree and its graph.

Coverability Tree and Graph

For a given Petri NeN, My) with initial markingMy, it is possible to obtainew
markings as the number of the enabled transitiéresn each new marking, we can again
obtain reach more markings. This process produtesaepresentation of the markings.
Nodes represent markings generated frogn(e root) and its successors, and each a
transition firing, which transforms one markingawother. This tree representation will grow

infinitely large if the Net is unbounded.

A special symbodb known as infinity is used to keep the tree finithe symboly is

defined such that for each positive integer n,

o>n0*n=mando > o.
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For a bounded Petri Net, the coverability treeaited the reachability tree since it
contains all possible reachable markings. The @iy tree for a Petri NefN, M ) is

constructed using an algorithm.

Algorithm

Step 1
Label the initial markindvp as the root and tag it “new”.
Step 2
While new markings exist, do the following:
Step 2.1
Select a “new” markini.
Step 2.2

If M is identical to a marking on the path from thetitod\M, then tag M “old” and go

to another marking.
Step 2.3
If no transitions are enableddt tagM “dead-end”.

Step 2.4

While there exist enabled transitiondvgtdo the following for each enabled transition

atM.

29



Step2.4.1
Obtain the marking M that results from firih@t M.
Step 2.4.2

On the path from the root ¥ if there exist a markiniy” such thatv’ (p) > M” (p) for each
place p and!’ #M”, That isM” is coverable, then replaé# (p) by o for each p such that
M (p) =M™ (p).

Step 2.4.3

IntroduceM’ as a node, draw an arc with lab&lom M to M’, and tagM’ “new”.

Consider the example in Figure 3.4

T3 P1

P2

T2 P3

9

Figure 3.4
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The Petri Net shown above (figure 3.4) has trams#tiTO, T1, T2, T3 and T4.Transitions TO,
T1, T2, T3 are dead (LO-live), L1- live, L2-live @h.3-live respectively.

The diagrams below describe the Coverability Tres @overability Graph of the Net shown

in figure 3.4.
M= (100)
at
M;=(001) M (1o 0)
“dead-end”
i &
M (0w 1) M= (1o 0)
“old”
ot
¥ Owl)
“old”

Figure 3.5 Coverability Tree
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M=(100)

i
V& (1 Ow)
M= (1 Ow) M= (0 lw)
“old”
i §
M@0 lo) M;= (1 Ow)
“old” “old”

Figure 3.6 Coverability Graph
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4. Modeling Using UML

4.1 Modeling the ATM System

A model is a representation of the construction\aatking of some system of
interest. It is similar to but simpler than thetsys it represents. One purpose of a model is to
help analysts predict the effect of changes tostesy. It should be a close approximation to
the real system and incorporate most of its safesatures. On the other hand a model should
not be so complex that it is impossible to undeidt@nd experiment. A good model is a

judicious tradeoff between realism and simplicity.

The Unified Modeling Language (UML) is a graphiocabdeling language that can be
used to specify, construct and document the vapauis of a software system. However
within the context of this thesis we will use

* The class diagrams to describe the static strectfiobjects and their relationships
» Use Case to describe interactions of the ATM systéth its environment.
» Sequence diagrams to describe the exchange of gassisatime within a set of

objects.

Modeled Features

The ATM will service a customer at a time. A cuseswill be required to insert a
valid ATM card and enter his Personal Identificatiumber (PIN).The PIN details will be
sent to the bank for validation. Once the customBtN is approved he can perform his
transaction(s).In the event that the PIN is foumthvalid, the customer is given three
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attempts to re-enter his password. If all the gtsnfail, the card is then ejected out of the

ATM.

A selection of activities provided by our ATM incles:

4.2

Cash Withdrawal - Customers should be able to watlvccash in multiples of two (2)
hundred Czech koruna (CZK 200) from any accoutkelihto the ATM card. The
amount to be withdrawn by each customer shoule&roted the maximum

withdrawal limit per day and bank approval is regdi

Balance Inquiry — Customer should be able to chieelbalance on any account linked
to the ATM card.

Funds Transfer — Enable customer to transfer flnetlseen any two(2) accounts
linked to the ATM card

“Other” (Mobile credit Top Up) — Perform other milaneous transactions such as

mobile credit top up.

ATM Class Diagram

The diagram on page 35 (Figure 4.1) depicts identibbjects and their attributes and

methods or operations associated with them aresiotable 4.1
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Figure 4.1 ATM System
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Name of Class

Attribute

Method(s)

ATM

atmid: integer, bankname:
string,

atmlocation: string,
province: string

createSession(),
getLogDetails(),
startup(), shutdown(),

CustomerConsole atm:ATM displayMenu(),displayMes$ag
readPin()
CardReader atm:ATM readCard(),ejectCard()

CashDispenser

initialCash:integer
totalCash:integer

setlnitialcash(), chechMaxcash(
dispenseCash()

Operator atm:ATM switchOn(), switchOff(),
checkAtmStatus()
Session atm: ATM, pin:integer, createSession(), verifyPin()

state: string

Transaction

atm:ATM, session: Sessid
pin:integer ,balance :intege

rigreateTransaction()

r

FundsTransfer amount: integer, getDetails(),performTransfer()
bankname : string
pin:integer

Withdrawal amount: integer, getDetails(),performWithdrawal(

bankname : string,
pin:integer, balance intege

Balancelnquiry

pin:integer bankname:
string

getDetails(),performEnquiry()

Max_Withdrawal_Limit

withdrawal: Withdrawal

chechMamit()

Table 4.1 ATM Classes, Attributes and Methods
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4.3 Use Case ATM

The Use Case diagram in Figure 4.2 below will em@dliser to transfer funds
between accounts linked to his card, perform b&amzjuiry, withdraw cash from his

account and also perform mobile credit top up

System

<<indude> _L.-n77

L
% / et
/
Operator @
Validate Customer
{ v

<<indude> <<indude_>_}-""

|

Bank
customer

Balance Inguiry @
Mobile TopUp

<zextend =3

Max_Withdrawal_Limit

Figure 4.2 Use case for ATM System

The tables below represents the scenarios that fd&ee in the withdrawal, funds
transfer, balance inquiry and mobile top-up UseeGemnsactions.



Withdrawal Transaction Use Ci

Pre-Condition

Customer’s ATM card and PIN should be ve
There is an active network connection to the B
ATM has available cas

Pos-Conditior

Customer receives the cash amourwants to withdraw and a receipt for |
transaction.

The bank server updates the customer’s accountde

Specificatiol

Primary Actor | Custome

Stakeholdel

Custome Requires quick and accurate cash withdrawal se
Bank Provides fast, accur: and reliable service to customu

ATM Consortiun

Ensures that the customer is charged the correntiainof surcharge on tt
withdrawal transaction.

ATM Operato

Ensures that the ATM has sufficient cash in dispets support the number
transactions for the day.

Basic Flow of Even

Customer inserts his ATM card in the machine .Tystesn prompts the
customer to select a language of his choice aftéciwhe enters his PIN
The system validates his ATM card and |
Customer selects the cash withdrawal option froenthnsaction menu
Customer selects the amount he wants to withdram the withdrawal
menu. If the amount is not specified, the custosedcts the “Other”
option and then enters his desired amount.

The systenvalidates the amount entered, checks customeruatbalanct
and verifies whether the machine has enough caghddransaction, and ask
the customer if he or she wants a receipt forrdmesaction.

Customer selects “YES” on the receipt scr

The system ejects the ATM card, provides the gaishts the receipt an
updates the account balance of the customer isystem.

Customer takes his ATM, cash and rec

Alternative flow of Event

If customer has entered invalid PIN. The systrompts the user to -enter
the PIN again. However the system aborts the totioseif an invalid PIN is
entered for three (3) consecutive attempts.

If ATM card is not compatible. The system rejetts ATM card and display
an error message.

Table 4.2
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Funds Transfer Transaction Use Case

Pre condition

Customer has more than one (1) active accourediné the ATM
card.

Customer has sufficient cash in the account frortchvthe transfer
will be effected.

Active network connections to the bank exist.

Post condition

Funds are transferred from one account to the @it a receipt
printed for the transaction.

The bank server updates the balance of the cussceweounts
involved the funds transfer transaction.

Specification

Primary Actor | Customer

Stakeholders

Customer Requires smooth and accurate fund trassfeice.
Bank Provides fast , accurate and reliable seta@@istomers.

ATM Consortium

Ensures that the customer is chatgeatorrect amount of surcharge
on the funds transfer transaction.

ATM Operator

Ensures that the ATM has sufficierglcan dispenser to support the
number of transactions for the day.

Basic Flow of Events

Customer inserts his ATM card in the machine .3ystem prompts
the customer to select a language of his choieg aftich he enters hi
PIN.

1"

The system validates his ATM card and PIN.

Customer selects the Funds Transfer option frontréimsaction menu,

Customer selects the account to transfer money fsorce account)
and the account to transfer money to (destinattmownt). He then
specifies the amount of funds to be transferred/éen the selected
accounts.

The system verifies if account from which fundsle transferred has
sufficient funds to undertake the transfer.

U7

System ejects ATM card, prints receipt for custoarad updates the
account balance of the customers accounts invatvédte funds
transfer transaction.

Alternate Flow of Eve

nts

If customer has entered invalid PIN. The systeamuts the user to re
enter the PIN again. However the system abortg@msaction if an
invalid PIN is entered for three (3) consecutiviermpts.

If ATM card is not compatible. The system rejetts ATM card and
displays an error message.

Insufficient funds in source account. The systespldiys an error

message and aborts the transaction.

Table 4.3
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Balance Inquiry Transaction Use Case

Pre-Condition

Customer’s ATM card and PIN should be valid.

There is an active network connection to the Bank.

Post-Condition

Customer receives his/her account balance.

Specification

Primary Actor | Customer

Stakeholders

Customer Requires quick and accurate balance gnopinis/her account.
Bank Provides fast, accurate and reliable serg@stomers.

ATM Consortium

Ensures that the customer is chatlyedorrect amount of surcharge
on the balance Inquiry transaction.

ATM Operator

Ensures that the ATM has sufficierglcan dispenser to support the
number of transactions for the day.

Basic Flow of Events

Customer inserts his ATM card in the machine .3ystem prompts
the customer to select a language of his choieg aftich he enters
his PIN.

The system validates his ATM card and PIN.

Customer selects the balance Inquiry option froenttAnsaction
menu.

ATM displays account balance to customer. (Customiébe

prompted to select the account that he wants tairi@dpis balance
from in case the customer has more than one (buatdinked to the
ATM card).

ATM asks the customer if he or she wants a redeipghe
transaction.

Customer selects “YES” on the receipt screen.

The system ejects the ATM card and prints the pecei

Customer takes his ATM and receipt.

Alternative flow of Ev

ents

If customer has entered invalid PIN. The systeammts the user to
re-enter the PIN again. However the system abloet$ransaction if
an invalid PIN is entered for three (3) consecuéttempts.

If ATM card is not compatible. The system rejetis ATM card and
displays an error message.

Table 4.4
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Mobile Top-Up Transaction Use Case

Pre condition

Customer’s ATM card and PIN should be valid.

Customer has sufficient cash in his/her accoubgtased to
purchase the mobile credit.

Customer has an active mobile SIM card from a valabile
telecommunication operator (Vodafone, T-mobile e}c...

There is an active network connection between ATl the Bank
There is an active network connection between #mk land the
mobile telecommunication company.

Post condition

| Customer receives the mobile top-up credit orhkismobile phone,

Specification

Primary Actor | Customer

Stakeholders

Customer Requires quick and accurate mobile togpenyice.
Bank Provides fast, accurate and reliable serai@istomers.

ATM Consortium

Ensures that the customer is chatgedorrect amount of surcharyg
on the mobile top up transaction.

ATM Operator

number of transactions for the day.

Ensures that the ATM has sufficierglcan dispenser to support the

Mobile Operator

Tops up mobile credit on customphisne.

Basic flow of events

Customer inserts his ATM card in the machine .3ystem prompts
the customer to select a language of his choieg atich he enters
his PIN.

The system validates his ATM card and PIN.

Customer selects the Mobile top up option fromtthasaction
menu.

Customer selects the operator and the amount yatteg@urchase.

ATM prints a receipt (voucher) that contains thehage amount,
name of operator and the recharge code.

The system ejects the ATM card .Customer takeshid card and
mobile top up receipt (voucher).

Customer loads the recharge code on his mobilegtmapdate his
mobile credit.

Alternative flow of events

If customer has entered invalid PIN. The systeamts the user to
re-enter the PIN again. However the system abbe$ransaction if
an invalid PIN is entered for three (3) consecuéttempts.

If ATM card is not compatible. The system rejetis ATM card
and displays an error message.

Insufficient funds in customer’s account. The systisplays an

error message and aborts the transaction.

Table 4.5
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4.4 ATM Sequence Diagrar

A sequence diagram descing the exchange of messages between various c

in an ATM sessiol

Custamer

-CardReade AT -Session “Customer Transaction
T Console
I | | T |
|
| | | | 1
Insert Card | Card Yerification | | | I
> | | | I
| | |
1 |
| | |
cardingernted(; m «=prpato=s 1l werifyPing I |
> |
|
|
pinverifiedi; 1
|
- ==create== |
I |
| | |
I . T I
| _herfomTransactionsi; | | |
| | I >
|
I I I '
| cantinueTransactions(; | . |
T T
| | I :
I I I |
| ejectCard; | | | |
] I | |
| | |
| I ' |
< ejectCardMsall | | | |
f
I I : |
| | | | |
| | | | |
| | | 1
. ' . | 1
g & design] CEEATEY com

Figure 4.3 Sequence Diagram for ATM Ses
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5. Modeling and Simulation with Petri Nets

5.1 Petri Net Modeling

The growth in the complexity of modern computerteyss such as production,
process control, communication systems, etc..tesgaumerous problems for their
developers. In their planning stages, one is comdi@dwith increased capabilities of these
systems due to the uniqgue combination of hardwadesaftware, which operate under a

relatively larger number of constraints arisingrfirbmited system resources.

Because of the capital intensive and complex nattiteese systems, their design
and mode of operation requires modeling and argtgsselect the optimal design and
operational policy. By so doing, flaws detectedhia modeling processes are corrected

which in the long-run contributes to the operatiaficiency of these complex systems.

The purpose of modeling a system is to captureadisttact as much useful
information from that system as possible, in sugiag as to permit analysis of the
system. A Petri Nets ability to model systems #hdtibit concurrency, conflict,

synchronization, merging etc... have already beertudsed in chapter three (3).
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As a graphical tool, Petri Nets can be used asuwaldicommunication aid similar to
flow charts, block diagrams and networks. These centain tokens that are used in

simulating the dynamic and concurrent activitied bahavior of systems.

Petri Nets also provide a uniform environment fadeling, formal analysis and
design of discrete event systems. A major advardégsing Petri Net models is that the
same model is used for the analysis of behaviooggyties and performance evaluation.

The Petri Net for the Automated Teller Machine @pens is shown in the Figure 5.1,
Figure 5.2, Figure 5.3 and Figure 5.4. For eadhede Petri Nets, detailed description of the
activities have been indicated.

Activities modeled using Petri Net includes thddaling:
. Withdrawal
- Enables customer to withdraw cash.
. ATM Funds Transfer
- Transfer funds between accounts linked to the ABMic
. Balance Inquiry
- Provides customer with the available balance ormtt®unt(s)
. Mobile Top-Up

- Purchase credit for his mobile phone.
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Operation
Figure 5.1 ATM Withdrawal Petri Net () eno
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Figure 5.2 ATM Funds Transfer Petri Net
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o Start
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Figure 5.3 ATM Balance Inquiry Peti Net ... End
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Figure 5.4 ATM Mobile Top-Up Petri Net

End Mebile Top-Up Transaction
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5.2 Petri Net Simulation

Simulation is generally defined as a computerizedion of a model which is run
over time to study the implications of the definetdractions. Simulations are generally
iterative in their development. After a model iveleped, we may simulates it, learn from the
simulation, revise the model if it's required amhtinue the iterations until an adequate level

of understanding is developed.

One of the primary advantages of simulations isttiiay are able to provide users
with practical feedback when designing real woglstems. This allows the designer to

determine the correctness and efficiency of a aelsgjore the system is actually constructed.

Consequently, the user may explore the meritstefradtive designs without actually
physically building the systems. By investigatihg effects of specific design decisions
during the design phase rather than the construptiase, the overall cost of building the

system diminishes significantly.

Another benefit of simulations is that they persyistem designers to study a problem
at several different levels of abstraction. By &aghing a system at a higher level of
abstraction, the designer is better able to unaledsthe behaviours and interactions of all the
high level components within the system and isatoze better equipped to counteract the

complexity of the overall system.
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This complexity may simply overwhelm the desigrighe problem had been
approached from a lower level. As the designerebetderstands the operation of the higher
level components through the use of the simul&herJower level components may then be
designed and subsequently simulated for verifioatiod performance evaluation. The entire
system may be built based upon this top-down teglniThis approach is often referred to as
hierarchical decomposition and is essential indesign tool and simulator which deals with

the construction of complex systems.

Thirdly, simulations can be used as an effectivamsdor teaching or demonstrating
concepts to students. This is particularly trusiofulators that make intelligent use of
computer graphics and animation. Such simulatonsuaycally show the behaviour and
relationship of all the simulated system's comptsieghereby providing the user with a

meaningful understanding of the system'’s nature.

The ability to simulate using Petri Nets helpsrusmderstanding the behaviour and
interaction between the various states and eveithigwhe ATM system. The attached CD
calledPetri contains the files for simulating each transactienWithdrawal, Funds Transfer,

Mobile Top-Up and Balance Enquiry.

To view or simulate a particular ATM Transactiofegse follow the following steps.

1. Open the Folder called Hpsim1_1 on the CDROM.

2. You can also download HPSim at http://www.winpesdiei3.html
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Double click on file called HPSim to open the Pélet software called HPSim.

The Withdrawal, Funds Transfer, Mobile Top-Up arald®ice Enquiry file have been
named ATM_withdrawal.hps, ATM_funds_transfer.hps,
ATM_Mobile_Credit_TopUp.hps and ATM_Balance_Inquinys respectively.

To view any of the files in step three (3), sim@lick onFile, SelectOpen, Choose

the folder called Thesis and then select the apjatapfile to view its Petri Net.

You can selecBimulation on the menu bar to simulate the Petri Net. Cliglon
Reset submenu on the Simulation menu can alsoeg#t the tokens in the Petri Net
and allow you to repeat the simulation again. TralBcer-Consumer Petri Net

named Prod_cons.hps is also available in the fadiéedThesis.
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6 Optimising ATM Resources

6.1 Producer-Consumer Problem

Process
Ready

Empty

Produce

Full

Generate

Bank ATM Customer

Figure 6.1 Producer-Consumer Petri Net

It is possible that a single place may contain ipl@lttokens at one time. This situation
occurs frequently in dealing with resource allomatproblems where there are multiple units

of a given resource to allocate. In these problenmace typically represents the number of
available units of the resource.
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The specific number of units available at a giveretis denoted by the number of
tokens contained in the place. When there are kentin the place, meaning that there are
no available units, activities which need a unith@ resource to execute must wait until a unit
is produced. For example, in a distributed syst&sender may generate many data packets
that are waiting to be read by the receiver.

The classical produce&onsumer problem is a resource allocation problétm av
variable number of resources that are limited meaximum number. There is a producer that

generates new units and makes them available dasumer. The consumer takes one unit of
the resource at a time.

The primary synchronization constraints are:

» Overflow the producer cannot produce a new unit unlesadhger of units is below

the maximum number allowed, and

« Underflow the consumer cannot take a unit unless therelésst one available.

The Petri Net shown in Figure 6.1 is a model of@pcerconsumer system where
the maximum number of units is limited to 3. Instmodel, there are two places that are used
to represent the number of units produced but ebtgnsumed and the number of additional
units that can be produced. These places are neaoledndEmpty respectively. The names
full andemptyreflect that the units are often contained inxadisized buffer of size N, where
N is the maximum number of units allowed.
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The number of buffer entries that are full conf@iaduced units that are available to
the consumer (customer) and the number of bufferesrthat are empty contain spaces
available to the producer (bank) to store new uAitsinvariant in this model is that number
(full) + number (empty) = NThe buffer is modeled in Figure 6.1 by the twacggls in the
middle named&EmptyandFull.

The three tokens in tHemptyplace represent the initial state of the systeth thiree
empty buffer elements. The absence of tokens ifrtitieplace represents the initial state of

the system where there are no buffer elementsinfidhmation.

Process
FReadv [ 4

Empty

Produce

Full

Generate

Bank ATM Customer

Figure 6.2 Producer (bank) is ready to insert b place

The producer (bank) in Figure 6.1 is modeled ashaystem with two places. The
Generateplace represents the condition of the producemwvitie generating the next unit of
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information to transmit to the consumer. TReadystate represents the condition where the
producer is ready to insert the newly generatearmétion into the buffer where it is will be

available to the consumer.

Notice that the transitioRroducefor the producer can only fire when the produser i
Readyand there is at least one token in Bmptyplace (denoting a currently empty buffer

element into which the new information can be piidce

Process
Ready

Empty

Produce

Full

Generate

Bank ATM Customer

Figure 6.3 One (1) buffer elementFkuall place

The consumer in Figure 6 is also modeled as a stdraywith two places. THeeady
place represents the condition where the conswsmendy to receive the next unit of new

information that was generated by the produces.ifhportant to note that the transitidake
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for the producer can only fire when the producé&eadyand there is at least one token in the
Full place (denoting a buffer element containing ndlarmation which can be retrieved).

TheProcessplace in the consumer represents the conditidgheotonsumer when it is

processing the new information most recently re&tefrom the buffer.

& Process

Ready | 4
Empty

Produce

Full

Generate

Bank ATM Customer

Figure 6.4 Producer prepares to insert new datebiatfer whilst the Consumer

processes information recently retrieved from huffe

It can be observed that the producensumer system in Figure 6 satisfies the two
primary synchronization constraints noted aboves dVerflow constraint is satisfied because
the producer cannot fire iRroducetransition unless there is at least one tokehefmpty
place. Thus, it is not possible for tReoducetransition to fire four (or more) times in a row

without theTaketransition firing one or more times.
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The underflow constraint is satisfied because tmsemer cannot fire iffake
transition unless there is at least one tokenari-thl place. Thus, it is not possible for the
Taketransition to fire four (or more) times in a rovitmout the Produce transition firing one
or more times.

6.2 ATM Resources Allocation And Management

A Bank’s ATM provides its customers certain sersieéhich may include the
following:
» cash withdrawal
* Funds Transfer
* Balance Enquiry
* Mobile Top-Up

For a typical cash withdrawal service, a bank keepgecified amount of cash in the
ATM’s casket. Since a place represent the availableber of the units of resource (tokens)
available at a given time, the absence of a tokenplace means that there are no available
units. Hence activities that need a unit theseuress to execute must wait until a unit of

these resources are returned or produced.

Clearly, resources required for the execution efahove mentioned ATM activities
must be available before the activities can be @eet An example is the cash withdrawal
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activity. A customer who wants to withdraw a spiecifamount of money (amount must be

less than daily withdrawal limit) may not be aldedb so if the resource is unavailable.

The unavailability of the resource could be assalt of insufficient cash in the
ATM’s money casket or a break in the communicatiok between ATM and bank server
amongst other factors. As result, a customer mag await until the resource required is

produced before he can consume such a resource.

By observing the waiting time that a consumer mest before a given unit of a
resource required is produced, a bank can manadd M resource effectively by increasing
the available number of units of resource (tokewsjlable at a place as well as the rate of
producing the resource in order the match the gapsion rate. As a result of this decision,
activities that need a unit of these resources¢awe will readily have these resources when

needed or may wait for a lesser period of time.

Additionally, careful investigation by the manageref the bank to find the cause of
longer waiting times by consumers can assist th&$t come up with measures aimed at

enhancing efficient use of the bank’s ATM resources

Some of the measures may include:
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Reducing the mean time to recover (MTTR) and ingireathe mean time
between failures (MTBF). A resource with a higheyam time between failure
value means the resource is highly reliable.

Efficient monitoring of ATM usage by checking ATMds on a regular basis.

Develop an effective ATM maintenance (preventivaesiule.
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6.3 Conclusion

This primary focus of this thesis was to model amdulate selected activities of the
Automated Teller Machine. Using the Unified Modelibanguage and Petri Nets, we
designed a set of models for the ATM system. Thoated Teller Machines (ATM)
activities modeled namely; withdrawal, funds tramsmobile top-up (credit) and balance

enquiry have also been shown.

UML as a standard modeling notation combines tephes from data modeling,
business modeling, object modeling and componeiefimg although it lacks the ability to
simulate these models most especially in the drgaantified approach. Petri Nets on the
other hand has simulation capabilities in additmtheir ability to model discrete event

systems.

For each of these Nets, a detailed descriptiohefttivities has been indicated.
Places representing states or conditions and tiamsindicating events have been shown.
The places in these nets contain tokens that &aekinssimulating the dynamic and concurrent

activities and behavior of systems. The tokensesgmt resources held in these places.

Again, each of these ATM operations can also b teabe a business process since
they have two unique elements called start andietida set of events connecting them. By
visual inspection of the individual Petri Nets, losggrogramming constructs such as loops and

conditional tests are visible.
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Simulating these activities using the HPSim sofenaovide a step by step account of
the sequence of events as well as changes instiagés. Additionally, the Producer-Consumer
Problem demonstrated how the ATM resources coulalbeated and managed efficiently

such that customers achieve satisfaction with th®lAervice provided by their bank.

Further studies could be carried out focusing @enbishavioral properties and analysis
methods in these discrete event-driven systemsevixasmples include industrial automated

systems, communication systems and computer bgstzhss.
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